( Fig. 2C and D) . The bacteria appeared motile within the vacuoles, consistent with expression of GFP under the control of the 28 promoter of the major flagellin (5) . Induction of chemokines from 28SC cells is independent of CDT. Viable campylobacters mediated chemokine responses from 28SC cells in 24-h cultures (Fig. 3A) . 81-176 induced 1,689 Ϯ 848 pg/ml IL-6 and 1,231 Ϯ 479 pg/ml IL-8 in nine independent experiments. Since CDT is localized to bacterial membranes and is known to induce IL-8 secretion from intestinal epithelial cells (7), we compared the abilities of purified membrane proteins from DS105, a cdtA mutant deficient in CDT activity, and 81-176 to induce chemokine secretion from monocytes. When inoculated with 2 g/ml bacterial proteins as described previously (6, 7) , chemokine responses to 81-176 and DS105 proteins were similar (Fig. 3B ). 81-176 and DS105 pro-FIG. 1 . Survival of C. jejuni 81-176 in monocytic cell cultures. C. jejuni 81-176 was added to 28SC human monocytic cells grown in Iscove's modified Dulbecco's medium with 4 mM L-glutamine at an MOI of 100 bacteria to each monocyte. After a 2-h infection, extracellular campylobacters were killed with gentamicin (100 g/ml) for an additional 2 h, and the cells were washed and resuspended in medium free of antibiotics. At the indicated time points, culture cells were harvested and lysed with 0.2% Triton X-100. Viable campylobacters were enumerated by plate counts. Assay controls were established by culturing the inoculating dose of 81-176 in tissue culture medium without monocytic cells. OE, 81-176-infected 28SC cells; ϫ, 81-176 control cultured without 28SC cells. The data represent the mean and standard deviation of three independent experiments. teins induced 6,700 Ϯ 2,409 and 3,324 Ϯ 2,042 pg/ml IL-6 and 2,073 Ϯ 467 and 1,909 Ϯ 436 pg/ml IL-8, respectively. These data are consistent with previous reports implicating bacterial components, such as lipooligosaccharide, and not CjCDT in cytokine induction from monocytes (8) .
Programmed cell death (PCD). Uninfected 28SC cell viability was Ͼ84% at 96 h (Fig. 4) and fell to 56.5% Ϯ 0.7% by 168 h. In contrast, the viability of cells infected with 81-176 was Ͻ75% by 72 h and continued to decline to 7.2% Ϯ 2.6% at 168 h. Annexin V binding to surface phosphatidylserine (PS) (15) was measured using the Guava Technologies Nexin assay (Guava Technologies, Hayward, CA). C. jejuni induced apoptosis of 28SC cells at levels significantly greater than that seen in uninoculated cultures (Fig. 5A ). Only 9.5% Ϯ 5.0% of cells in control cultures bound annexin V after 96 h, and this progressed to 24.4% Ϯ 2.2% at 168 h. In contrast, by 48 h, 18.6% Ϯ 2% of 81-176-infected monocytes were apoptotic. Maximal levels were evident at 144 h, when 55% Ϯ 15% of the cells expressed surface PS.
CjCDT mediates apoptosis of 28SC cells. CjCDT has been shown to localize to membranes (6, 7) . Membrane proteins (2 g/ml) from 81-176, the cdtA mutant DS105, and its complement, DS105(pRAM18) (7), were added to 28SC cultures. Wild-type 81-176 membranes induced surface PS expression on 19.0% Ϯ 2.3% of culture cells by 48 h ( To verify CjCDT-induced apoptosis by an alternate method, activation levels of pre-and postmitochondrial caspases following exposure to C. jejuni membranes were measured. In 8-h cultures, caspase 9, and to a lesser extent caspase 8, activities correlated with the presence of CjCDT (Fig. 6A and B) . 81-176 membranes mediated 18,546 Ϯ 1,486 luminescence units for caspase 9 (P Յ 0.0001). Cultures inoculated with DS105 membranes induced 793 Ϯ 1,759 units (P ϭ 0.37). The highest activity was seen in cultures inoculated with DS105(pRAM18) membrane fractions (29,129 Ϯ 2,477 units; P Յ 0.0001). Similar results were observed for caspase 8 activity (Fig. 6B) . These data indicate that caspases associated with intrinsic and external apoptosis pathways were activated in response to CjCDT (4), consistent with other CDTs (1, 3, 17, 19, 21) .
Both previous reports of induction of apoptosis by C. jejuni in either chicken lymphocytes (24) or human monocytes (20) indicated that PCD was independent of CjCDT, although limited data were presented. Siegesmund et al. (20) reported that apoptosis of THP-1 monocytes required, instead, secretion of the Cia (campylobacter invasion antigen) proteins that are secreted through the flagellar secretion apparatus (10, 11, 18) . We constructed site-specific insertional mutants of 81-176 defective in ciaB or flgB, a component of the flagellar basal body. Both mutants would be expected to be defective in secretion of the Cia proteins (10). However, both mutants induced levels of apoptosis comparable to those of 81-176 (data not shown).
C. jejuni can survive intracellularly in both intestinal epithelial cells and monocytes. The DNA damage induced by CjCDT appears to exert different effects on each cell type, which is likely a function of the p53 status of the line (1). In epithelial cells, CjCDT causes a G 2 /M block and induces high levels of chemokines. In contrast, release of proinflammatory chemokines from infected monocytes appears to be independent of CjCDT, and the cytotoxic effect is manifested by apoptosis. Survival within macrophages likely enhances the localized inflammatory response to C. jejuni and may also provide the bacteria with an immunologically privileged site and a mechanism for replication and dissemination within the host (12).
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